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1. [bookmark: _Ref71097411]Introduction
In WF for NR repeaters classes and types, the following agreements were made [1]. 
	· [bookmark: _Hlk84967824]For repeater class characterization, it was agreed that deployment scenario is used to differentiate repeater classes, and the detailed definitions from BS specification can be considered as starting points.
· For FR1 downlink:
· Introduce WA, MR and LA classes. 
· Further checking the need of home class during requirements introduction phase.
· For FR2 downlink:
· Agree Option 1 as the baseline. That is introduce WA, MR, and LA classes. 
· Further check whether there is a difference among the classes from RF requirements aspect. 
· For FR1 uplink:
· Introduce two classes, one with power limitation and another one without power limitation. 
· For the class with power limitation: the exact power limitation can be further discussed
· Option 1: With fixed values 
· Option 2: With maximum value over the supported classes as per band basis
· Other options not precluded
· For FR2 uplink:
· Introduce two classes, one with power limitation and another one without power limitation. These can be checked whether there are differences among classes from requirement aspect.
· Further discuss the power limitation value for the class with power limitation:
· Option 1: EIRP and TRP specified for PC1 in UE specification 101-2.
· Other options not excluded



In this contribution, we provide our insights about the above WF items.
2. Discussion
As a review of the agreed WF items, similar to what we have proposed in our contributions in the previous meetings, we can see that the general agreement is to follow the BS/IAB specs as much as possible for NR repeaters as well. Specifically, for FR1 and FR2 DL it is agreed to use the same set of classes (i.e., WA, MR, and LA) for NR repeaters as well, and to further check whether merging some of the classes are possible depending on the RF requirements. For FR1 and FR2 UL, two classes are agreed one with power limits and the other without power limits.  
In the BS and IAB specs, the class categorization is done relying on the deployment scenarios. In case of DL, as the agreement is to follow the BS/IAB classes as the baseline, it could be possible to follow the BS spec as closely as possible to define further requirements for NR repeaters. However, in case of UL the current agreement is to identify two classes, but suggests to consider using the UE power classes. The BS and IAB specs are defined mainly for the declared BS power levels, thus it may require to further investigate how closely we could follow the existing BS specs for defining the UL requirements of the NR repeaters
[bookmark: _Ref84966470]Observation 1: For the downlink of NR repeaters, we may closely follow the BS specification to define the RF requirements. In case of uplink, further investigations may be needed to evaluate how closely we could follow the BS specifications, if the repeater power classes are defined as the UE power classes. 

[bookmark: _Hlk75855238]2.1. DL (Access) FR1
In case of DL (i.e., access link) FR1, we think that the current agreement is meaningful one as a starting point. As we proceed with the task, we may be able to foresee whether we really need all these class or not. Accordingly, we may still be able to select a subset of these classes, and define the RF requirements for the NR repeaters. 
For home classes, we have not seen any reasonable requirement for introducing it to the NR repeaters. We understand that there could be certain unplanned repeater deployments (e.g., done by the end users) in certain areas, including indoor deployments (to obtain a smaller coverage). But such a smaller coverage can be obtained by using the LA repeater class with low enough output power, as repeater output power can be declared by manufacturer. Then, by adhering to the LA class related RF requirements would help to control the interference as well.
2.2. DL (Access) FR2
In case of DL FR2, the WA, MR, and LA classes have been agreed as a starting point. Then, it remains to further investigate whether some of these classes can be merged if there are no differences in these classes in terms of the RF requirements. First, we agree that for downlink WA, MR, and LA classes can be used for NR repeaters as well. 
Recall that the agreed type for FR2 is type 2-O [2]. We have noted in the IAB specification Sec. 9.7.3 where the OTA ACLR requirements are defined depending on the IAB class. More specifically, for IAB-DU type 2-O the ACLR limits are defined in Table 9.7.3.3-1 and absolute ACLR limits are defined in Table 9.7.3.3-2, and few more requirements are also defined in the following tables in the specification. We can see similar observation in case of operating band unwanted emissions as well.
[bookmark: _Hlk75869235][bookmark: _Ref75899335]Observation 2: For IAB-DU Type 2-O, the RF requirements (e.g., ACLR and absolute ACLR limits) are defined based on the IAB-DU class. 
Hence, it makes sense to have separate classes, i.e., WA, MR, and LA for NR repeaters as a starting point. Note that WA and LA classes would be needed due to their unique deployment scenarios. Furthermore, for Rel.18 investigations, outdoor-to-indoor scenario has been agreed to be considered, and hence LA class would be an essential one. Hence, we believe that if at some point some classes are merged, it is meaningful to have WA and LA classes. 
[bookmark: _Ref84966485]Proposal 1: LA and WA class shall be kept separate in case if the repeater classes are to be merged at some point.

2.3. UL (Backhaul) FR1 & FR2
Repeater deployments should be carefully planned to maximize the performance and minimize unwanted interference. If repeater is too close to the BS (i.e., the access link distance is large), then access link signal strength is low, and would degrade the performance. On the other hand, the repeater cannot be too far from the BS either so that the backhaul SNR becomes a limiting factor. The access and backhaul antenna gains can be carefully selected to achieve the required performance in these links. This implies that having decided the feasible DL classes for FR1 and FR2, the selection of UL classes for FR1 and FR2 may depend on the selection of the DL classes.
The UL class selection for FR1 and FR2 could be dependent on what classes have been selected for the DL FR1 and FR2, respectively. Since, all three classes have been selected for FR1 DL, there is more freedom to choose the suitable two classes for FR1 UL. For the FR2 DL, if all three classes are selected, we have the flexibility of selecting suitable FR2 UL classes. In case only two classes are selected for FR2 DL, we have to carefully select the suitable UL classes to match with the selected DL classes.
[bookmark: _Ref75980930]Observation 3: There is no MR class for IAB-MT for both FR1 and FR2 [3].  
For the FR1 UL (backhaul), it was agreed to have at least two classes as the baseline; LA was one of the selected classes in RAN4#99-e [2]. We believe it is still meaningful to have LA as one of the selected classes. Then, we propose that the other suitable class could be the WA class. With WA class repeaters, the MR use cases could be covered, by controlling the UL transmission power if needed. According to current WF [1], out of the selected classes, one may with power limitation and the other may not. We think that the proposed LA and WA classes can also be matched with the agreed power limitations. We provide more discussions on power related requirements in [4]. 
[bookmark: _Ref75899390]Proposal 2: For UL in FR1, we propose to have LA and WA repeater classes. 
[bookmark: _Ref85793006]Observation 4: WA deployments with unlimited UL power need to be well planned to avoid co-existence issues and coexistence cannot be guaranteed by 3GPP requirements.
In case of FR2 UL, it has been agreed to support two classes, one with power limits and the other without power limits. We propose to have LA and WA classes for FR2 UL.   
[bookmark: _Ref84966543]Proposal 3: For UL in FR2, we propose to have LA and WA repeater classes.
[bookmark: _Ref84965629][bookmark: _Ref84966554]Observation 5: For FR2 Type 2-O BS and IAB, there is no upper limit for the rated carrier TRP output power [3], [5]. 
We prefer to define the power limits so that the LA class is with power limits and the WA class may be without power limits. More details related to power requirements of these classes are discussed in [6].
3. Conclusion
In this contribution, we discuss the classes and type definitions for NR. We have made following observations and proposals:
Observation 1: For the downlink of NR repeaters, we may closely follow the BS specification to define the RF requirements. In case of uplink, further investigations may be needed to evaluate how closely we could follow the BS specifications, if the repeater power classes are defined as the UE power classes.
Observation 2: For IAB-DU Type 2-O, the RF requirements (e.g., ACLR and absolute ACLR limits) are defined based on the IAB-DU class.
Proposal 1: LA and WA class shall be kept separate in case if the repeater classes are to be merged at some point.
Observation 3: There is no MR class for IAB-MT for both FR1 and FR2 [3].
Proposal 2: For UL in FR1, we propose to have LA and WA repeater classes.
 Observation 4: WA deployments with unlimited UL power need to be well planned to avoid co-existence issues and coexistence cannot be guaranteed by 3GPP requirements.
Proposal 3: For UL in FR2, we propose to have LA and WA repeater classes.
Observation 5: For FR2 Type 2-O BS and IAB, there is no upper limit for the rated carrier TRP output power [3], [5]. 
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